Pea (Pisum sativum L.), a protein-rich legume seed well adapted to many climatic areas and widely used for feed and food, was fed to Italian Friesian breed cows for 16 weeks to assess its effects on milk yield and production, renneting properties and metabolic responses. Cows within each group were assigned to two isonitrogenous and isoenergetic concentrates based on corn plus soybean meal or peas. Individual milk samples were collected from two consecutive milkings, composited, and then analysed for fat, protein, casein and lactose contents and somatic cells count as well as blood and milk urea and milk technological characteristics. Cow blood samples were taken and plasma were analysed for metabolites, biological enzymes, β-hydroxybutyrate (BHBA) and non-esterified fatty acids (NEFA). Peas supplementation had no effects on metabolic blood profile as well as on milk composition traits and clotting aptitude. Milk and blood from cows fed peas indicated a reduction (P<0.05) of their urea concentrations compared to those fed soybean meal. Our findings indicate that peas can replace soybean meal as protein source in diet of dairy cows without unfavourable effects on milk quality and cheesemaking properties.
Introduction
The development of locally grown protein crops may be a solution to improve the valorisation of products and to assure a better traceability of feedstuffs (Froidmont & Bartiaux-Thill 2004) .
Among alternative protein sources to soybean, peas have been successfully used in diets for dairy cows especially in American and Mediterranean countries (Petit et al. 1997 , Vander Pol et al. 2008 , Tufarelli et al. 2012 . Peas (Pisum sativum L.) are grown primarily for human consumption; however, surplus grain or grain that does not meet human food grade specifications is available to be used as a livestock feed (Loe et al. 2004) . Field pea is a legume high in crude protein (CP; 217 g/kg), highly rumen degradable (780 g/kg of CP; NRC 2001), the starch content is 540 g/kg (McLean et al. 1974 ) and the net energy for lactation (NE L ) is 1.81 MCal/kg (NRC 2001) . Previous trials have focused on using field pea as a protein source in diets for non-ruminants (Laudadio & Tufarelli 2010 ) and dairy cattle (Vander Pol et al. 2008 ).
Field pea has been shown to be a valuable substitute for soybean meal (Khorasani et al. 2001) and soybean meal and other proteinic meal combinations (Petit et al. 1997) in diets fed to lactating dairy cows. Moreover, pea was reported to yield much herbage with 7.5 t/ha fresh matter with 240 g/kg dry matter (DM) (Devkota et al. 1993 , Hayashi et al. 2007 . Therefore, it could be used as an important forage legume to enhance feed values for dairy ruminants. To date, there are few works concerning the inclusion of field peas in dairy cow rations.
Therefore, since peas have a good potential to substitute the conventional grain ingredients, such as soybean meal and/or corn in dairy cow rations, it is necessary to assess the inclusion of pea to provide a satisfactory feeding strategy for dairy cow farmers comparing the nutritional value of pea-based concentrates to conventional diets, and to evaluate their effects on milk characteristics and metabolic profile in dairy cows.
Materials and methods

Animals and diets
The trial was conducted in a dairy farm located in Bari Province in the Apulia region in Southern Italy, for 18 weeks and involved 24 multiparous Italian Friesian breed cows in the early stage of lactation. The study included a 2 week adaptation period to the diet, followed by 16 weeks of feeding the two diets. Cows (620±23 kg body weight, 2.8±0.3 in body condition score and 22±4 days in milk at the beginning of the trial) were cared in accordance with animal welfare standard requirements.
Animals were individually housed in pens during the adaptation period and in tie-stalls during the experimental period. Each stall had a separate manger for hay feeding and was equipped with a watering outlet. Animals had free access to water during the feeding trial. Health status of cows was checked throughout the experimental period and no cases of clinical mastitis were reported. Cows (n=12 per treatment) were randomly allocated to two dietary treatments according to calving date, parity (2nd or 3rd) and their initial milk yield and composition. The dietary treatments were as follows: -control concentrate, containing soybean meal as the main protein source (150 g/kg) -experimental concentrate, containing pea seeds as the main protein source (345 g/kg) in total substitution of soybean meal (Table 1 ). Both concentrates contained 170 g/kg of CP on DM basis ( Table 2 ). The pea seeds utilized in the ration formulation were organically and locally grown (Pisum sativum L. cv. Spirale) containing 251 g/kg CP (on DM basis) and estimated 7.57 MJ/kg of net energy for lactation (NE L ), and they were processed and coarsely ground at a commercial feedstuff factory.
The diet fed to the soybean meal group was made of ad libitum oat hay supplemented with soybean meal-concentrate, whereas the pea seeds group replaced the control with pea seeds-concentrate. Hay and concentrates were supplied in three meals daily (6.00, 12.00 and 18.00). The concentrate levels were adjusted on a weekly basis on cows' milk yield. The amount of concentrate was always totally eaten by cows, and no refusals were recorded during the whole feeding period. Individual hay intake was measured by decreasing the daily dose offered to each cow by the residue recovered in the manger. The diets fed in this trial were formulated according to NRC (2001) to provide similar amounts of NE L and CP. The energy values for lactation (UFL) of the hay and concentrates were also estimated Jarrige (1989). INRA (1989) Cows' bodyweights were recorded at the beginning and at the end of experimental period. The body condition score of cows was measured by the same observer according to Edmonson et al. (1989) , and cows were scored at the beginning and subsequently at the end of the feeding trial. Cows were milked twice daily (6.00 and 18.00) using pipeline milking machines.
Sampling and chemical analyses
Hay, concentrates and refusals samples were daily collected, whereas concentrate feeds were sampled weekly. Each sample was ground in a hammer mill with a 1 mm pore size screen and analysed in triplicate for their content in DM (65 °C in a forced-air oven, dried to a constant weight), ash, CP (N × 6.25), crude fibre (CF), ether extract (EE), Ca, P and Na according to the procedures described by the AOAC (2000). Neutral detergent fibre (aNDF, using heat-resistant α-amylase without sodium sulphite) and acid detergent fibre (ADF) were analysed according to Van Soest et al. (1991) and was corrected for residual acid insoluble ash (AIA). Lignin (sa) were analysed according to Mertens (2002) . Composite samples (hay and concentrates) were analysed for AIA as reported by Van Keulen and Young (1977) . Starch was measured after acid hydrolysis and polarimetric detection according to Holm et al. (1986) . Non-fibre carbohydrate (NFC) content was calculated by difference as NFC=1 000-(aNDF g/kg+crude protein g/ kg+ether extract g/kg+ash g/kg). Blood samples were taken every 2 weeks, prior to morning feeding via coccygeal venepuncture and immediately chilled. Plasma samples, obtained after centrifugation at 4 000 rpm for 20 min, were stored at −20 °C until the analysis. Stored samples were determined using commercial kits (Sentinel Chemical, Milano, Italy) and an automatic spectrophotometer (Cobas FARA 2, Roche Diagnostic, Basel, Switzerland) for total protein, albumin, glucose, total cholesterol, blood urea (BU), triglycerides, nonesterified fatty acids (NEFA), calcium, inorganic phosphorus and β-hydroxybutyrate (BHBA). Globulin content was calculated as the difference between total protein and albumin. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were assayed by commercial kits produced by BioMerieux (Marcy-l'Etoile, France) and Boehringer Mannheim (Maylan, France), following the methodology suggested by the producers.
The daily milk yield was recorded by means of graduated measuring cylinders attached to individual milking units. Individual milk samples, consisting of proportional volumes of morning and evening milk, were taken after cleaning and disinfection of teats and discharging the first streams of foremilk. Samples were collected in 200 ml sterile plastic containers at fortnightly intervals through the lactation period and taken to our laboratory under refrigeration.
The following measurements were made biweekly: protein (N × 6.38) according to AOAC (2000), fat and lactose content, using an infrared spectrophotometer Milko Scan 133B (Foss, Hillerød, Denmark); casein content (AOAC 2000); somatic cell count (SCC), using a Fossomatic 90 cell counter (Foss, Hillerød, Denmark). Milk production was standardised and corrected to 4 % of fat (FCM) according to NRC (2001) . Milk urea (MU) was determined by the urease method-kits (Boehringer). Milk pH was measured using a pH meter with a temperature probe (Expandable Ion Analyzer model EA940 and electrode Ross model 81-02, Research Inc., Boston, MA, USA).
The coagulation milk properties were weekly determined evaluating the three renneting parameters according to Zannoni and Annibaldi (1981) by Formagraph apparatus (Foss Italia, Padova, Italy): rennet clotting time (r), as the time from rennet addition to the beginning of coagulation; curd firming time (k 20 ), as the time from coagulation until reaching the curd firmness corresponding to an amplitude of 20 mm on the Formagraph trace; and curd firmness (a 30 ), as the amplitude of the trace 30 min after the rennet addition. Measurements were performed in triplicate and at milk natural pH.
Statistical analysis
Experimental design was a randomised block design, with 12 replicates per treatment. Milk yield and composition parameters were analysed as repeated measures with diet as a nonrepeated factor using GLM procedure of SAS 8.2 (SAS Institute Inc., Cary, NC, USA). Sources of variation included cows and dietary treatment. Cows within treatment were fitted as term of error.
Data were presented as means of each treatment and standard errors of the means. When significant effect was found, means were compared using Student's t-test. Significant differences were set at P<0.05 and a trend at P<0.10.
Results and discussion
The two concentrates had similar concentrations of CP, crude fibre, NE L and NDF, but the pea diet had slightly lower NFC with similar starch content, which reflects the difference in starch content between corn grain and pea ( Table 2 ). The peas utilized in the present trial contained 251 g/kg crude protein (% DM basis) and an estimated 7.57 MJ NE L /kg DM. Replacing the soybean meal by pea in the concentrate-diet did not influence body condition score change of dairy cows (P=0.32) as well as body weight during the whole trial (P=0.44). The DM intake and daily milk yield produced by dairy cows were not different (P=0.39 and 0.27, respectively) between the two dietary groups (Table 3) . Further, the 4 % fat-corrected milk yield, and the percentages and yields of the milk components were also not influenced by the supplementation of peas in the ration.
The comparison between our results and previous trials must be done with caution because of earlier studies conducted on cows were done using a combination of other leguminous grains such as faba bean, pea and lupin (Petit et al. 1997 , Froidmont & BartiauxThill 2004 , Vander Pol et al. 2008 , Cozzi et al. 2010 . To our knowledge, the present trial is one of the few studies in the literature that describes on the effect of the total replacement of soybean meal with peas on milk characteristics of dairy cows. Consequently, data on the influence of peas on the production of cows in the early-phase of lactation are limited.
In a recent study conducted by Vander Pol et al. (2008) , when peas were included in diets for dairy cows the milk fat content was not affected, but conversely to our results milk protein concentration and yield were increased by the pea. However, according to our data, Petit et al. (1997) reported no difference in milk parameters in cows fed raw or extruded peas. Corbett et al. (1995) found that isonitrogenous and isoenergetic substitution of soybean meal, and canola meal with leguminous grain in pelleted supplement resulted in decreased milk yield at level of 10 % in dairy cows during the mid-phase of lactation. In agreement with the present trial, Vander Pol et al. (2008) substituted 15 % of dietary DM (steam-rolled corn grain and soybean meal) with peas and found no influence of diet on DM intake and milk productive or qualitative parameters as well as milk urea content. On the contrary, in our study the blood and milk urea (Tables 3 and 4 , respectively) levels in cows appeared to be decreased by the replacement of soybean with pea in concentrates (P=0.04 and P=0.06, respectively). Froidmont and Bartiaux-Thill (2004) found that dietary leguminous grains reduce the level of milk urea in dairy cows due to the low DM and protein intakes. In our study, the blood and milk urea concentrations recorded in cows fed experimental diet were reduced, almost certainly due to a decreased degradability of pea protein leading to a decreased ammonia level in the rumen and urea level in milk and blood, as also reported in a recent study of Volpelli et al. (2009) . No significant difference occurred in blood metabolites, electrolytes, or enzymes between control soybean and experimental pea diets (Table 3) .
Milk pH was almost similar in the two dietary treatments, as well as for the milk clotting properties (Table 4) . With regard to milk technological properties, a slight, but not significant, decrease of a 30 parameter (curd firmness) was reported in the milk produced by cows fed pea-diet. These data could be related to the lower somatic cell count and pH levels, as previously reported by Park et al. (2007) in sheep and goat milk. The lack of influence of dietary treatment on milk clotting proprieties in relation to cheese-making might in part be due to the similar milk protein percentage of samples on which the renneting measurements were conducted, as also reported by Masucci et al. (2006) . The present results confirm the suitability of the milk from pea-fed cows for cheese-making.
In conclusion, this study confirms that field pea can be used in dairy cows' diets as no reduction of productive traits was reported. In conclusion, substituting conventional soybean meal with alternative high-protein peas resulted in similar performances and milk technological properties of dairy cows. 
